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I Exciting developments in GaN-based devices and technology were the focus of the 'Second International 
Conference on Nitride Semiconductors' (ICNS-2), held in October 1997 in Tokushima City, Japan. With al- 
most 500 registered attendees, this must rank as the largest nitride meeting held to date. Such a large atten- 
dance, particularly from the host country, serves to emphasize the rapidly growing technical and business 
interest in gallium nitride (GaN) and its compound alloys with indium and aluminium. 
T 
his conference was held on 
Shikoku Island, the location 
of Nichia Chemical Comp- 
any's headquarters. Thus, it offered 
the opportunity to visit Nichia, the 
world leader in blue emitter tech- 
nology.The technical sessions were 
held in the local Bunku-Kaikan, 
or the Tokushima Prefecture 
Cultural Hall, with local financial 
support from the Prefecture and 
City governments, from the 
Tokushima Convention Bureau and 
from a long list of professional 
organizations. 
The conference and plenary 
session were opened by Professor 
Isamu Akasaki from Meijo Univer- 
sity, who for more than 20 years has 
faithfully supported the development 
of GaN processes and products. In 
his address, he welcomed the inter- 
national nitride community to 
Shikoku Island, Japan's fourth 
largest, suggesting that the old and 
the new Japan meet here in a 
pleasant climate, both culturally and 
meteorologically speaking.Addition- 
ally, he received a special award at 
this conference for his long devotion 
to GaN technology.Together with Dr 
Jacques Pankove, Professor Akasaki 
ranks as one of two 'fathers of gallium 
nitride semiconductor technology'. 
The first invited paper, present- 
ed by Dr Yamada, the digital video 
disk (DVD) Manager for Toshiba 
Corp, set the tone for most of the 
conference as he revealed the 
pent-up market demand for blue 
lasers. Starting from the earliest 
days of storage media, he guided 
the audience towards the future 
role of blue lasers in optical multi- 
media storage. Recording history 
(Figure 1) started with wax cylin- 
ders and advanced through 
records, to audio tapes and CDs, fi- 
nan), leading to the recently intro- 
duced DVDs. The first generation 
DVDs will meet the demands of 
the electronic games, music, com- 
puter and cable industries, and ser- 
vice the full range of storage media 
applications; audio, video, digital 
TV and data use red semiconduc- 
tor lasers to read and write infor- 
mation. The new DVD product 
types are shown in Figure 2. From 
this it can be seen that the re- 
recordable discs will have capaci- 
ties of only 2.6 gigabytes of data, 
which is also the DVD ROM capac- 
ity available in 1997, but it is being 
expanded to a maximum ROM ca- 
pacity of 4.7 Gb in 1998. 
The recording medium for CD- 
ROMs and the current DVDs is a 
polycarbonate plastic film, and its 
light transmission degrades below 
400 nm wavelength, as shown in 
Figm'e 3.Therefore, to remain com- 
patible with present day recording 
media, only blue lasers, emitting 
light at 400 nm and higher wave- 
lengths, can be used for the next 
generation of DVDs. Dr Yamada re- 
ported that, by using these lasers, 
DVD capacity can be extended to 
about 10 Gb for double sided discs 
and 17 Gb for double layered ou- 
ble sided DVDs (see Figure 2). He 
concludes that the blue laser is the 
key device for the high capacity 
DVD. The demonstration of an ac- 
ceptable blue laser at this confer- 
ence promises that all this DVD 
technology could be possible with- 
in five years and at the same time 
provide the key market demand 
factor for GaN laser development. 
Market prospects 
The long-term prospects for GaN 
have become aworldwide topic of 
interest but, not since the introduc- 
tion of the silicon-based ICs over 
30 years ago, has a semiconductor 
material had large applications 
markets waiting for its products. 
Thus, today's interest in GaN mate- 
rials derives mostly from their 
promise as a source of useful blue 
emitters, LEDs and lasers, which 
have a 'potential' impact on the 
world economy in two large mar- 
ket areas. The first large market is 
for blue LEDs for their enabling of 
full colour outdoor display tech- 
nologies and for special lighting 
applications via the use of phos- 
phors. The second large applica- 
tion demand for the blue laser 
comes from the high-density infor- 
mation storage applications de- 
scribed by Dr Yamada. According 
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Figure 1. The evolution of recording media. 
to some forecasts it will be a high 
growth market, overtaking the 
LEDs in value by the middle of the 
next decade. On a longer-term ba- 
sis, the potential for GaN electron- 
ic devices is also very real. 
With more than ten million 
blue LED chips now being pro- 
duced each month,  mostly for de- 
livery to the display industry, the 
first market segment has been es- 
tablished as a significant growth 
area. Annual growth rates of 50% 
(and higher) are widely promised 
for the blue LED, but the real 
growth rates will depend on the 
price per formance of the product. 
With blue LEDs in the $1 per  unit 
pr ice range and the other colours 
costing less than $0.10 per  unit, 
the cost of the blue emitters may 
need to decrease significantly to al- 
low the highest growth rates to be- 
come a reality in this market 
segment. 
With respect o lasers, this con- 
ference will prove a milestone for 
product ion technology, since so 
many companies announced their 
ability to join the hitherto elite 
ranks of blue diode laser makers. 
One year ago, only Nichia Chemical 
had demonstrated a blue laser 
technology. But, by the end of this 
conference, the number  of compa- 
nies that had announced their abil- 
ity to make a nitride laser on either 
sapphire or silicon carbide sub- 
strates (in some cases on both) had 
risen dramatically. 
A third potentially huge market 
for the GaN-based light-emitting 
devices is the use of short wave- 
length emitters, blue and ultraviolet 
(UV), to provide the whole range 
of visible light sources, from green 
to red (plus white), by the use of ef- 
ficient phosphors. The promises of 
efficiency, 100 OOGhour reliabilities, 
small- to large-scale uses, low volt- 
age needs and design flexibility 
available from these sources have 
the potential to shake up the 
world's lighting industry.The devel- 
opment of this market may not be 
as dynamic as the first two, be- 
cause the nitride devices will be 
fighting for market share against 
well-established products in historic 
market areas. 
Blue lasers and LEDs 
The quality of GaN materials had 
been anticipated by many to be a 
source of major device reliability 
problems. But this p rophecy  has 
not proven to be true and the time 
from the development  of a quan- 
tum well LED to the commercial  
product ion of stable devices has 
been a relatively rapid process. It 
now appears that the commercial  
product ion of blue and/or UV 
diode lasers may also be a rapid de- 
ve lopment  process for Nichia 
Chemical Company. Nichia an- 
nounced the first blue laser diode 
operating in the pulsed mode in 
November  1995, which was fol- 
lowed by continuous wave (CW) 
operat ion in less than a year. At 
this conference, Shuji Nakamura 
and his co-workers from Nichia re- 
ported that they have achieved 
more than 3000 actual hours of on- 
going CW-laser operat ion and ac- 
celerated testing of similar lasers is 
leading to estimated lifetimes of bet- 
ter than 10 000 hours.With 30 mW 
CW-light output, Nichia Chemical 
may be in the posit ion of being 
able to deliver sample quantities of 
commercial  quality blue lasers by 
the end of 1998 - a development 
cycle of only three years. 
As  Nichia's developmental  b ue 
lasers already appear  to meet the 
system requirements for the pro- 
duction of second-generation DVD 
equipment for the high-density 
storage market, the very high den- 
sity DVDs (over 17 Gb of informa- 
tion each) should generate the 
second high growth market for 
GaN devices, starting early in the 
next decade. 
The blue laser area was very ac- 
tive at this conference, with several 
institutions reporting. Cree Research 
reported a blue laser from a multi- 
quantum well (MQW) structure 
(eight periods), grown on 6H-sili- 
con carbide (SIC) wafers and 
pulsed emission was obtained at 
404 and 423 nm from cleaved cavi- 
ty mirrors. Although the advan- 
tages of conductive SiC wafers are 
widely reported, the lasing thresh- 
old voltages were 22 V and higher 
at high threshold currents. 
Akito Kuramata and his co- 
workers from the Fujitsu Laborato- 
ties also reported a MQW laser on 
6H-carbide using low-pressure 
MOCVD processing. Pulsed opera- 
tion of the MQW laser (three 
wells) was observed at 420 nm. 
Some improvement  in threshold 
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Figure 2. The family of new DVD products. 
current values was obtained by 
coating the cleaved mirrors. 
Threshold currents and voltages 
were also high and multiple emis- 
sion peaks were observed at high- 
er power  levels. Fujitsu also 
developed a MOCVD laser grown 
on sapphire, with better power  
conversion propert ies than the car- 
bide grown laser. 
M.P. Mack and colleagues at the 
University of California (UC) at 
Santa Barbara reported the growth 
of a MQW laser structure on sap- 
phire using a combinat ion of  low 
and high pressure MOCVD 
processes. Pulsed emission from 
the MQW laser was reported (at 
419 nm), although the threshold 
voltage was very high at 90 V. Sony 
also reported on its first indium 
GaN MQW laser, in a paper  pre- 
sented by Fumihiko Nakamura et 
al. A five QW design structure was 
selected, based on optical pump-  
ing results from various well num- 
ber experiments.  The actual lasing 
device was grown by atmospher ic  
MOCVD on sapphire wafers. 
Pulsed laser operat ion gave a very 
sharp peak emission (full width at 
half max imum (FWHM) = 0.2 nm) 
at 418 nm with an 18 V threshold 
voltage. More than 60 mW in out- 
put  power  was obtained at a 5 A 
drive current. 
The latest entrant to the blue 
laser club at the t ime of the meet- 
ing was Xerox's Palo Alto Research 
Center, which released a press an- 
nouncement  during the confer- 
ence describing their development  
of 'a rather robust'  GaN laser on a 
sapphire substrate. This press re- 
lease also described the company's  
interest is using these lasers to 
make improved printers, with pro- 
totype equipment expected in about 
two years. A low-pressure MOCVD 
process was used to develop both 
gain and ridge guided InGaN lasers 
grown on c-plane sapphire. 300- 
1000 ~am cavities were made and 
all devices emitted in the 422 to 
432 nm range and a 4 x 500 ~am 
laser bar emitted at 426 nm. 
Improved performance for 
LEDs reported by S.D. Lester et al. 
from Hewlett-Packard (HP) Labor- 
atories was obtained by low-pres- 
sure MOCVD growth of InGaN 
MQW devices. In this work, high- 
eff iciency blue and green LEDs on 
sapphire substrates were obtained 
using 12 InGaN wells and GaN 
cladding layers. Threshold voltages 
be low 3 V and threshold currents 
in the 200 mA range were de- 
scribed. With external quantum ef- 
ficiencies of 10.6% for the blue and 
4.5% for the green at 20mA drive 
currents, HP claimed these devices 
to be the most efficient GaN MQW 
LEDs reported to date.With the lat- 
est on the reliability of blue LEDs, 
Daniel Steigerwald, also from HP 
(Optoelectronics Division), report- 
ed that early degradation of blue 
LEDs was caused by UV light 
degradation of the plastic packag- 
ing. Similar observations of pack- 
age degradation were reported by 
Marek Osinski et al. from the 
University of New Mexico. 
UV emitters 
The efficient emission of UV light 
is also possible from GaN materi- 
als, because of its wide band gap 
value of approximately 3.4 eV and 
higher. As noted earlier, there are 
large potential markets for these 
diodes. Several papers  were pre- 
sented on UV emission, the first, by 
Shuji Kato and co-workers from 
Yamaguchi University, described 
the photo luminescence (PL) emis- 
sion from GaN films grown by plas- 
ma-assisted CVD on sapphire and 
on aluminium nitride (AIN) ceram- 
ic substrates. Intense PL-emission 
at 368 nm was obtained from the 
polycrystall ine f i lms on the AIN 
ceramics. 
Two types of MBE-grown UV- 
emitting diodes, UV-LEDs or 
UVEDs, were reported by Markus 
Meyer and co-workers from the 
University of Ulm. In this work, 
both double hetero pn- and homo 
PIN-diodes were produced on sapph- 
ire substrates. Electroluminescence 
was observed from both diode struc- 
tures in the 370 to 375 nm wave- 
length range, with a l inewidth as 
narrow as 8 nm. However, the light 
output value of about one microwatt 
was much lower than the one miUi- 
watt range previously reported 
from MOCVD grown W-diodes.  
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In a late news paper, Takashi 
Mukai and co-workers from Nichia 
Chemical Company described the 
development of indium GaN/alu- 
minium GaN doublehetero diodes 
emitting in the 368 to 371 nm 
wavelength range. These UV 
diodes, grown by atmospheric 
MOCVD on sapphire substrates, 
produced about 5 mW of output 
power from 400 A thick active lay- 
ers, a fivefold increase over their 
previously reported UV diodes. 
Electronic devices 
Gallium nitride electronic devices 
have the potential to out-perform 
other materials for such applica- 
tions as UV detectors, high power, 
high frequency and high tempera- 
ture transistors. A novel insulated 
gate HFET (IG-HFET) was reported 
by Hiroji Kawai et al. from Sony 
Corporate Research. This device 
was produced by low pressure 
MOCVD growth of AIN/GaN layers 
on c-plane sapphire and operated 
in the enhancement mode with a 
pinch off voltage of 0 volts. As re- 
search continues, new device 
structures such as FETs, metal 
semiconductor FETs (MESFETs) and 
high electron mobility transitors 
(HEMTs) continue to be reported 
with improving performance. One 
of the anticipated goals is for a IOOW 
device operating at 10 GHz. Rapid 
technical progress continues to 
produce new test devices, but scal- 
ing to higher power levels is need- 
ed. The other important device 
issues are heat management, mate- 
rials quality, metallization and im- 
proved processes. 
Materials 
High-performance, blue and green 
GaN-based LEDs are now impor- 
tant commercial products, but on 
close examination the QW emit- 
ting regions were reported to be 
very inhomogeneous. In a coopera- 
tive effort, Ponce and co-workers 
from Bristol University, HP, Oxford 
Instruments and Xerox PARC grew 
single indium GaN QWs and 
analysed their microstructure by 
cathodoluminescence (CL), PL and 
transmission electron microscopy 
(TEM). The analytical results 
showed the wells to be very 
nonuniform with thickness varia- 
tions, misfit dislocations and strain 
clusters, together with low and 
high intensity emitting regions, 
probably with differing composi- 
tions. Phase separation in the 
MQW region during the annealing 
process has been observed by L.T. 
Romano et al. from Xerox. Thus af- 
ter a 950°C anneal, both voids and 
indium rich regions were present. 
Below 900°C the voids were not 
present. 
Sato et al., from the University 
of Tokushima, reported InGaN 
quantum wells using TEM and CL 
analytical methods; they confirmed 
that the wells were 'highly nonuni- 
form' across the plane of the epi- 
layer. Thickness and compositional 
variations were both present, to- 
gether with dislocations and strain 
clusters. Nonuniformity was 
greater at the higher indium con- 
tents causing uneven light output 
across the emitting region. Sato's 
group proposed that dislocations 
were the only plausible reason for 
the In content variations, but lat- 
tice strain could also be generating 
the In segregation. If the nonuni- 
formity can be eliminated, the 
brightness and efficiencies of the 
LEDs could be greatly improved. 
Successful efforts to improve 
GaN device quality by using lower 
defect level suhstrates and selec- 
tive area MOCVD growth over di- 
electric masks were reported by 
workers from the CRHEA laborato- 
ries at Valbonne in France and from 
Nichia Chemical. B. Beaumont 
from Valbonne used silicon nitride 
masking to generate selective pi- 
taxial islands to support MOVPE 
or hydride layer growth. Improved 
quality island layers were hydride- 
grown above the sapphire sub- 
strate, with thicknesses up to 
70 ~am. 
Nakamura described Nichia's 
new epitaxial lateral overgrowth 
process (ELOG) in which 10 ~am 
thick layers of GaN were MOCVD 
grown over 12 ~am wide stripes of 
silicon dioxide and 4 pm wide win- 
dows open to the nitride layer. At 
this stage of growth, planar sur- 
faces were again obtained. In this 
Nichia process, the substrate de- 
fect levels were reduced by two to 
four orders of magnitude in the re- 
gions above the oxide stripes 
(where the layers growing out 
from the GaN windows had grown 
together again). ELOG substrates 
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prepared in this manner were used 
to make the latest, improved quali- 
ty, lasers capable of long operating 
lifetimes. In other overgrowth ex- 
periments, Takumi Shibata from 
Nagoya University reported im- 
proved substrate preparation by 
selective area hydride VPE growth 
over a rectangular silicon dioxide 
grid mask. Crack generation i  the 
nitride layer was eliminated and the 
crystalline quality of the substrate 
was improved inside the 1.8 mm 2 
rectangular eas. 
Other materials 
On the solar application front, 
Takeshi Hyashi, from Gifu 
University, reported the successful 
preparation of hydrogenated ger- 
manium nitride. Interest in this ni- 
tride arises because its band gap 
can be varied with nitrogen com- 
position between 1 and 3 eV; 
therefore, it could be used for both 
layers of a tandem solar ceil. K. 
Iwata et al. from Osaka University 
described the photoemission from 
MBE-grown polycrystalline GaN on 
glass. PL-excitation spectra from 
the layers on glass and on GaN sub- 
strates were very similar, but the PL 
spectra were quite different. 
Possible uses for these polycrys- 
talline GaN layers on glass are solar 
cells and low-cost large-area light- 
emitting devices. 
Satoshi Kobayashi et aL, also 
from Gifu University, described 
their work with nanocrystalline 
GaN films sputter-deposited on ei- 
ther glass or silicon. Acceptable 
thin film transistors (TFTs) could 
be made from these polycrystalline 
films. The potential benefit from 
GaN TFTs is the transparency of 
these films, compared with the 
widely used silicon TFTs which ab- 
sorb light, reducing the brightness 
of the LCD pixels. 
In a paper on GaN surface diffu- 
sion, J6rg Neugebauer and co- 
workers from the Fritz Haber 
Institut in Berlin, noted that galli- 
um arsenide (GaAs) was a good 
surfactant for the growth of cubic 
GaN. This observation was con- 
firmed by MBE growth results re- 
ported by Charles Tu from UC San 
Diego. 
In a later paper, the UC San 
Diego group, in conjunction with 
Y. Ma et al. from Northwestern 
University, described the MBE 
growth of indium nitride arsenide 
phosphide (InNAsP) single quan- 
tum wells on InP substrates; trong 
PL emission was obtained. InNAsP 
disc lasers pumped at 514 nm lased 
at up to 1.43 ~-n at up to 330 K. 
These results indicate the possible 
manufacture of long wavelength 
laser diodes with good high-tem- 
perature characteristics. 
Hexagonal GaN 
Although most of the research ef- 
forts in the nitrides are based on 
the GaN wurtzite crystal structure, 
there are some research groups de- 
veloping processes to deposit 
hexagonal GaN because devices 
grown in this crystal phase are ex- 
pected to be easier to dope p-type 
and also to have improved metal 
contacts. Krishnan Balakrishnan and 
co-workers from the Electrotech- 
nical Laboratory in Tsukuba report- 
ed on the MBE growth of 
hexagonal GaN layers on sapphire 
substrates. The best crystal quality 
to date, with FWHMs of 50 arc sec- 
onds and low threading dislocation 
levels, was claimed by pre-nitriding 
the sapphire wafer before buffer 
layer deposition. Hexagonal 
GaN/As film growth was also re- 
ported by J. Gotoh et al. from 
Hitachi Central Laboratory. In this 
work the films were grown by gas 
source MBE, again using nitrided 
sapphire substrates. PL-spectra in- 
dicated that the incorporation of 
arsenic caused a red shift in the 
peak emission wavelength. 
Bulk growth 
Various experimental methods of 
nitride substrate production and 
defect reduction continue to be re- 
ported, including hydride VPE, sub- 
limation and low pressure melt so- 
lution.The last process, using galli- 
um as the liquid phase at ~ IO00°C, 
was reported by V. Sukhoveyev et 
al. from the Ioffe Institute in St. 
Petersburg, Russia. With nitrogen 
pressures of <2 atmospheres, GaN 
crystallization occurs spontaneous- 
ly. Hexagonal platelets of 2H GaN 
usually formed with dimensions up 
to 2 x 2 x 0.03 nun in two hours. 
Growth rates were much slower in 
the direction normal to the plane 
surface. 
In a cooperative effort between 
Yu.A. Yodakov et al. from the Ioffe 
Institute and H. Jiirgensen from 
AIXTRON AG,Yodakov reported on 
a sublimation sandwich growth 
process for GaN in which the 
nitride layers were grown on 
SiC substrates at temperatures 
>IO00°C in an ammonia ambient 
and at rates of up to 1 mm per 
hour. However, the best quality, 
thick layers were grown at lower 
rates of about 330 pm per hour. 
Recently, the hydride VPE 
growth of AlN and GaN has been 
described by several groups, in- 
cluding Yu.V. Melnik and co-work- 
ers from the Ioffe Institute. At this 
conference, Melnik reported on 
the extension of this work to 
AIGaN/GaN heterostructures 
grown on SiC substrates.At 1-2 pm 
per hour growth rates, 0.5 to 2 pm 
thick layers could be grown with- 
out cracking with aluminium con- 
tents in the 30 to 50 mol% range. 
R.E Vaudo from ATMI, in collab- 
oration with UC Santa Barbara, 
described several orders of magni- 
tude reduction in defect densities 
in 200 lam thick layers grown at 
the rate of 100 pm per hour on 
sapphire, with threading disloca- 
tion densities decreasing with in- 
creasing layer thickness. All these 
bulk growth results show improv- 
ing quality and perhaps a distant 
hope for GaN wafer production in 
the future. 
Acceptable bulk GaN crystals 
or wafers are not yet close to com- 
mercial production, but the size 
and quality of high pressure grown 
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small crystals continues to im- 
prove. The Polish Academy of 
Sciences continues its research in- 
to the high-pressure growth of 
crystalline GaN substrates and re- 
cent progress in this field will be 
reviewed later. 
Homoepitaxial layer 
growth 
As additional GaN substrate 
processes such as hydride VPE and 
sublimation are investigated, op- 
portunities for homoepitaxial layer 
growth will increase. Small GaN 
wafers are available from the high- 
pressure melt process, 4 to 7 mm 
in length, and two sets of homoepi- 
taxy results worthy of note were 
reported. Arthur Pelzmann and co- 
workers from the University of 
UIm described the homoepitaxial 
MOCVD growth of GaN on solu- 
tion-grown crystals from the Polish 
Academy of Sciences. 
Homoepitaxial layer growth 
processes, e.g. for a p-n diode, are 
much simpler, without the need 
for buffer layers. The potential ad- 
vantages of homoepitaxy are evi- 
dent, as the electroluminescent 
intensity of the homo diodes was 
double that of sapphire-grown de- 
vices. Single peak emission at 420 
nm and the higher intensity emis- 
sion were evidence of higher quali- 
ty epitaxial layers obtained by 
homoepitaxy. 
T. Sugahara et al. from the 
University of Tokushima used sub- 
limation grown GaN substrates to 
produce homoepitaxial LEDs. 
Complete absence of the dark 
defects was reported for the ho- 
moepitaxial LEDs over heteroepi- 
taxial LEDs on sapphire; again, 
increased light intensities were 
reported. 
Buffer layers 
The careful preparation of GaN, 
MN or other compound buffer lay- 
ers between the substrates (sap- 
phire or other) and the GaN 
epilayers is a very important factor 
in the growth of reliable GaN de- 
vices, and many papers were pre- 
sented on this topic. The work on 
double buffer layers by workers 
from Hitachi and the Tokyo 
Institute of Technology could be 
an interesting development. Thus 
K. Uchida et al. described a double 
layer buffer process, in which two 
100 A thick MOCVD layers of GaN 
contribute to higher buffer quality. 
The first layer is deposited at 
600°C and the second at 500°C fol- 
lowed by a five minute anneal at 
1030°C. Mixed wurtzite/amor- 
phous films without hexagonal 
crystal grains were obtained in the 
resulting buffer layer, which pro- 
duced flat, higher quality buffer 
layers after the anneal. The im- 
proved buffers led to better crys- 
talline quality in the subsequently 
deposited active GaN layers. 
Crystal quality in these experi- 
ments was assessed by Raman and 
PL spectra and by double crystal 
X-ray diffraction methods. 
Rump session 
Most of the active device develop- 
ment on GaN materials systems 
uses the more easily grown, 
wurtzite crystallographic form on 
sapphire substrates, but GaN can 
exist in cubic and hexagonal phases, 
which also have device potential. 
From theoretical considerations, it 
has been postulated that device 
structures grown in the hexagonal 
GaN phase will offer improved 
processing, such as easier p-dop- 
ing, higher mobilities, better metal- 
lization contacts, easier wafer 
cleavage and easier lattice match- 
ing to the substrates. For these rea- 
sons a few laboratories around the 
world have started to work to- 
wards hexagonal nitride devices, 
utilizing both MBE and MOCVD 
processes, and successful growth 
of hexagonal GaN by MBE was re- 
ported by S. Yoshida and his group 
from the Tsukuba Electro Technical 
Laboratory. 
This rump session discussed 
the advantages of hexagonal over 
cubic nitride substrates and pro- 
vided a review of the related wide 
bandgap crystal technologies, in- 
cluding zinc selenide, which has 
now lost the blue laser race with 
work being abandoned by several 
laboratories. Early data from cubic 
GaN work indicated difficulties 
with layer doping and unusual mo- 
bilities, where n-type mobilities de- 
creased with decreasing growth 
temperatures. 
The subject matter of this ses- 
sion was illustrated in a graphic 
'road map' provided by H. Tanaka 
of NTT Laboratories. At the end of 
the road, the final goal for any of 
these materials ystems is the com- 
mercial production of green, blue 
and violet laser diodes. Thus, in 
agreement with session senti- 
ments, Tanaka showed that the II- 
VI technology route has been 
blocked by the problems of degra- 
dation and overtaken by Nichia's 
nitride lasers. Nichia is now being 
followed by a number of other in- 
stitutions with laser technology. 
Development efforts on cubic GaN 
on GaAs, such as the optically 
pumped laser reported by Atsushi 
Nakadaira from NTT, and hexago- 
nal nitride devices are lagging the 
wurtzite leaders but, if the benefits 
are real, one of them could eventu- 
ally become the crystal form of 
choice.The best laser diode perfor- 
mance, however, from any crystal 
morphology may have to wait until 
the challenge of growing GaN in 
bulk and the wafer cleavage prob- 
lems are resolved. 
Summing up, (;aN device and 
process technologies continue to 
improve with the expanding 
knowledge base, but the materials 
issues requiring improvement re- 
main the same: the need for better 
p-doping, better metal contacts, re- 
duced defect levels and easier 
cleavage, and a lack of large bulk 
substrates for homoepitaxy. Device 
market demands remain strong in 
several application areas, further 
encouraging the diverse world- 
wide development efforts in GaN 
alloy technology. 
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